AIMS: While it is commonly accepted that health care costs have been rising to unprecedented levels, the question remains whether the increased expenditure actually affords increased health outcomes. It was the objective of this study to search for associations between health care spending and health care outcome, after adjusting for potential confounding variables, using aggregate data collected since the introduction of diagnosis-related groups (DRG) into Austrian health care financing in 1997. METHODS: Two parameters of health care outcome, mortality and years of life lost (YLL), were regressed on direct and indirect measures of health care spending. We used ordinary least squares, Prais-Winsten, and 2-stage least squares regression in model building to account for autocorrelation and endogeneity. RESULTS: Our findings showed that health care spending was associated with mortality and YLL reduction. The strongest association among the independent variables was seen for spending for prevention. The strongest association for the dependent variables was seen for cardiovascular disease followed by injuries. Also, socio-economic status (SES) was shown to be an important confounder in all studied associations. Our data suggest that increases in health care spending produce significant increases in health. CONCLUSION: Health care spending should not be constrained, but instead an optimised resource allocation would afford an increase in health per expenditure. Emphasising spending in prevention and reduction of SES gradients would strengthen this association.
Introduction
The most pressing policy issue now, and for the foreseeable future, is economic crises in the face of sovereign debt and exploding cost. A major contributor to these problems are rising health care costs and the question of how to deal with and finance them [1] [2] [3] [4] . Below the problem of how to deal with rising health care costs lies the, maybe even more pressing, question of whether these increases in health care spending actually result in increased health care output, or whether they merely reflect an inflated administration, expensive technologies, poor comparative effectiveness, or, finally, personal financial advantages for interest groups or individuals [5] [6] [7] . Historically, a number of investigators have tried to answer the question [5, 8] . Interestingly, this research has yielded rather inconsistent, if not openly conflicting, findings. Nolte and McKee [9] , as well as Nixon and Ulman [10] provided comprehensive overviews of such studies investigating the effect of health care on health outcomes. It is important to note that the brunt of this research was done within the British NHS or similar systems (i.e. tax funded, government controlled and socialised medicine) begging the question of whether the presented findings are representative, thus applicable, for a two-tier health care system with a public option and a strong private component. The Austrian health care system is constituted by a universally accessible, tax-funded public system, and a parallel private system, accounting for roughly 25% of the total health care spending, with practically unrestricted direct patient access to secondary and tertiary care. It was the objective of this study to investigate whether the increasing health care expenditure in such a system is associated with improved health care outcomes.
Materials and methods

Theoretical background
Diagnosis-related group (DRG) is a system to describe and classify services and treatments which a hospital provides and a patient receives, developed with the intent to replace "cost-based" reimbursement for hospitals and to create a more standardised, more transparent, and eventually more cost-effective reimbursement system for intramural health care provision. A nationwide coverage of DRG in Switzerland (SwissDRG per article 49 KVG) is planned for January 2012. Austria implemented a nationwide DRG system called LKF (Leistungsorientierte Krankenanstalten Finanzierung) in 1997, and LKF covers reimbursement for health care provision for approximately 90% of all Austrian patients according to Statistic Austria (www.statistikaustria.at). A recent publication in Swiss Medical Weekly showed that such changes from fee-for-service to DRG are associated with a 20% reduction in length of hospital stay, and thus a considerable reduction in associated cost (11) . We wanted to use this chance to study the associations between health care input and output in this DRG system. For the purpose of this study we defined the production function of health care simplified as:
Health outcome = β 0 + β 1 (health input) + β 2 (confounders) + ε β 0 = intercept; β 1 = coefficient for primary exposure β 2 = coefficient for secondary exposure(s)/confounders ε = error term This production function was approached mathematically in three steps. First, ordinary least squares (OLS) regression was performed to study the effect of monetary health care input on health care outcome and health production. Second, these OLS models were assessed for autocorrelation (i.e. correlation between the error terms for the individual years of this time series) using the Durbin-Watson test [12] [13] [14] . In the presence of evidence for autocorrelation, Prais-Winsten regression was used to adjust standard errors [12, 14, 15] . Third, there is a risk for endogeneity, which means a correlation between independent variables. To avoid such bias a 2-stage least squares (2SLS) regression using instrumental variables was used [16] [17] [18] [19] [20] [21] . The instrumental variable (IV) is associated with one independent variable only. Thus, if an association is found between the IV and the dependent variable, it can only occur via the instrumented independent variable. In our analysis, we used a 2-stage least squares regression with the number of pensioners and total social insurance expenditure without health care costs as IVs. They are intuitively appealing because of the obvious and credible association between pensions and social insurance on the one hand, and health care spending on the other side.
Choice of variables and data sources
The dependent variables of this study were health care outcomes and were studied through the parameters mortality and years of life lost (YLL). Mortality (age adjusted per 100,000) and infant mortality (per 10,000) were included in the study. YLL are an estimate of the average years a person would have lived if he/she had not died prematurely, that is before the statistical mean life expectancy, from a specific cause [22] . YLL give the actual loss to a society due to the burden of disease since this parameter includes age, and gives higher values for younger ages. YLL were calculated for three disease entities: cardiovascular disease, injuries and poisoning, and malignancies. These disease entities were chosen to reflect health care spending for chronic disease (cardiovascular), public spending in an emergency setting (injuries and poisoning) and public spending in specialised centers (malignancies). They were identified by their respective ICD-10 codes: I00-I99 for cardiovascular disease, S00-T98 for injuries and poisoning, and C00-D48 for malignancies. The explanatory variables for this study were health care expenditure, as total, total public, total private, and total spent in prevention. Furthermore we included the following parameters of socio-economic status (SES) as potential confounders: income inequality (as a ratio of total income received by top quintile to that received by the lowest quintile), risk of poverty after social transfers (persons with an equivalised disposable income, after social transfer, below the risk-of-poverty threshold, where pensions and retirement were counted as income, not a social transfer), and youth education attainment (population aged 20 to 24 having completed at least upper secondary education). The number of pensioners and total social insurance expenditure without health care costs were used as instrumental variables (IVs) in the 2SLS regression ( 
Results
Health care spending and health care outcomes since DRG introduction. From 1997 to 2008, mortality remained rather constant with a small annual decrease of 0.6% on average. A sharp decline in YLL was seen for cardiovascular disease (5.4% less per year) and injury and poisoning (2.8% less per year). Similar to total mortality, YLL due to malignancies decreased only marginally by 0.7% annually (table 2).
Overall health care expenditure has grown continuously since 1997 by 3.9%, with equal growth in public and private spending, increasing from 9.8% GDP to 10.2%. The least growth was seen in private spending for administration, at 0.5%, compared to 3.8% in the public sector. The largest relative growth in health care expenditure was seen in prevention with 7.2%, although this amounts to only 2% of total public spending on average (table 2) .
OLS modeling
OLS analyses showed statistically significant, negative associations of all direct measures of health care expenditure with the outcomes mortality, infant mortality and years of life lost. In terms of absolute size, spending for prevention invariably afforded the largest improvement in all health care outcomes by far. The second most influential variable was private health care expenditure. YLL due to cardiovascular disease and injury were most responsive to health care expenditure, with a much smaller response for YLL due to malignancies (table 3) .
Prais-Winsten modeling
The Durbin Watson test suggested negative autocorrelation for mortality, cardiovascular YLL and years of life lost to malignant disease. No or only little evidence for autocorrelation was seen for infant mortality and YLL due to malignant disease and injury. Even after adjusting, the possibility of residual autocorrelation remained. Table 4 summarises the d statistics for the OLS and the adjusted Prais-Winsten regression. Although the Durbin Watson test suggested at least some degree of autocorrelation, its effects seemed to be fairly low. The adjusted regression outcomes did not differ much from the OLS. Generally, the coefficients were attenuated, and the standard errors were larger, resulting in larger pvalues. All but one association (expense for prevention and cardiovascular YLL) remained significant. As seen in the OLS, prevention showed the largest coefficients, suggesting the strongest response, before private, public and total spending. However, while OLS suggested cardiovascular YLL to be the most responsive health care outcome, Prais modeling suggested that YLL due to injury are more responsive.
Multivariate Prais-Winsten modeling
We adjusted the association for health care outcomes and health care expenses for three parameters of socio-economic status (SES): income inequality, at risk of poverty after social transfers, and youth education attainment (see table  1 for further explanation). The association between infant mortality and expenses was independent of all three parameters. For mortality, we saw that youth education was a significant covariate for total and private spending. For the latter, income inequality also showed a significant association. However, adjusting for SES did not notably change the coefficients in the associations between any type of expense and mortality. For YLL, the strongest confounding variable was seen for income inequality and the associations between health care spending and YLL lost to malignant disease. These numbers suggest that higher income inequality leads to more YLL to malignant disease. Adjusting for income inequality also increased the coefficients for the regression of malignant disease YLL on expenses, suggesting that income inequality reduces the effect of spent money on preventing loss of life to malignancies. The association between cardiovascular YLL and health care spending was widely independent from SES. Only the association between private expense and cardiovascular YLL was affected by income inequality and youth education, in such a way that increases in both decreased YLL significantly.
The association between YLL due to injury and poisoning was also confounded by SES. Interestingly, poverty risk seemed to reduce YLL. The adjusted coefficients for the association between YLL and expenses increased after the inclusion of SES into the model. Table 5 gives detailed information on all multivariate analyses.
2SLS modeling
As with Prais Winsten regression, OLS and 2SLS produced rather consistent results suggesting only very little endogeneity. As seen in the OLS model, all direct measures of health care expenditure were associated with health care outcomes. 2SLS confirmed the earlier seen trend that cardiovascular YLL are most responsive to health care expenditure, before trauma and malignant YLL, and mortality. Also, expense in prevention produced a substantially higher effect on all health care outcomes than any other type of spending.
Multivariate 2SLS modeling
Multivariate 2SLS assessment of the association of health care outcomes with health care expenditure including SES showed similar results to what was seen for the PraisWinsten regression. Youth education attainment and income inequality had significant influence on the association between mortality and health care spending in all four areas, total, public, private and prevention. This influence had the same direction as in the Prais Winsten model, youth education negative and income inequality positive, but featuring somewhat larger absolute numerical values. There was no multivariate influence on the association of health care spending and infant mortality. The effect of health care spending on cardiovascular YLL was confounded by all three SES parameters. Higher income inequality resulted in substantially higher cardiovascular YLL. Higher youth education attainment resulted in a considerable reduction of YLL, but, interestingly, so did poverty risk. Income inequality also resulted in more malignant disease YLL, and was a significant confounder of the association between this health outcome and health care expenditure, with considerable increase in size for the adjusted coefficients. SES was also a significant confounder for the association between YLL due to injury and poisoning, with, again, a fair increase in the size of the adjusted coefficients. Table 5 gives detailed information on all multivariate analyses.
Discussion
It was the objective of our study to search for an association between health care expenditure and health outcomes. In our analysis we found evidence that the increase in health care expenditure in Austria between 1997 and 2008 was associated with reductions in mortality and years of life lost. The biggest effect size by far was seen for marginal expense in prevention, roughly one order of magnitude bigger than the effect of both public and private expenses. Also, socio-economic status proved to play an important role in the association between health care expenditure and health care outcome, especially years of life lost. Together, these data suggest the health care (allocative) efficiency could be improved by emphasising prevention and flattening socioeconomic gradients. This study has potential shortcomings. First, the observation period of 12 years (1997-2008) is somewhat short. However, it should be considered that before 1997 a different system was used for Austrian health care finance, and comparison across this timeline is invalid. Moreover, Austria joined the EU in 1995, which might have had a considerable effect on health care costs, performance, and documentation, which further inhibits the inclusion of earlier years into this study. Our model also encompasses a limited set of variables. Health care is a highly complex field, and we could have included numerous other disease entities, as well as demographic or economic variables. However, we decided to use a lean model that might give a limited, but less crowed view. It is also noteworthy that we did not include comparative-effectiveness or cost-effectiveness into our analysis, but we think it is obvious that more effective technologies and systematic processes would produce better health at relatively less cost [6, 7] . Our methodological approach might seem somewhat complicated, but we wanted to offer as complete a view on the data as possible. The initial OLS regression describes significance and magnitude of effects on health outcomes but does not account for autocorrelation or endogeneity. Autocorrelation occurs in time series and can be thought of as a cross-correlation of a variable with itself, for example, mortality in all Austrians in 2001 is likely to correlate with mortality in all Austrians in 2000 or 2002, since it is the same group of people, just one year younger or older. The Prais-Winsten regression accounts for this, and its coefficients are representative for the whole period, while the coefficients from the OLS regression should rather be used for individual years. After addressing autocorrelation we needed to deal with endogeneity, which is the fact that health care output and health care input is a bit of a chicken-or-egg causality dilemma and cannot fully be separated. The 2SLS regression borrows other predictors that represent health care input to test the regression model, by turning it into a rooster-or-egg problem. Thus all three models add valuable information on potential biases and the differences in coefficients between these models illustrate the magnitude of influence of these biases. Synthesising the information from all three regression models, our data suggests that health care spending is associated with mortality, both overall and for infants, and that increases in spending decrease mortality rates. However, since life expectancy and the overall health in the studied population, like in most wealthy nations, were rather high to begin with there was only so much reduction in mortality possible [23] . This, on the one hand, explains why the absolute values for the association between mortality and health care spending were somewhat low. This also explains, on the other hand, why expenditure for prevention, which targets a younger population with more mortality headroom, showed the strongest association. The second largest coefficient was seen for private health care spending. This does not necessarily mean that private health care spending produces better health. It is important to keep in mind that privatised health care in an environment with a public options tends to scoop off the good cases, i.e. tending to easier cases while leaving the high-risk and complication-prone patients to the public sector. Such a notion of "scoop off medicine" is supported by the fact that the coefficient for public health care expenditure was still higher than that for total expenditure. If the public option was indeed less productive, then its coefficient would consequently lie below that of total expenditure, which, in turn, would show the average value for the "good" private sector and the "bad" public sector.
The potential benefits of increasing spending in prevention deserve individual attention. A recent OECD survey showed that a number of developed countries invest heavily, thus excel, in quality of care for serious disease entities such as cancer, but at the expense of persistently increasing chronic diseases such as asthma, diabetes or obesity [24] . This problem has to be recognised and taken into account by policy makers and health care planers. For example, an additional million Euros invested into the prevention of cardiovascular disease might save 378 years of life, the same amount of money invested in the general public expenditure for cardiovascular disease saves 13 years. This also means, that 1 million Euros shifted from cardiovascular disease to prevention would still result in a net benefit of 365 years of life saved (i.e. roughly EUR 3,000 per life year) [25, 26] . Considering the fact that the British National Institute for Health and Clinical excellence (NICE) defines an incremental cost-effectiveness ratio of EUR 45,000 (GBP 20,000) per QALY as "very cost-effective" emphasises the meaning of these numbers (http://www.nice.org.uk/ media/4A6/41/CostEffectivenessThresholdFinalPaperTabledAtWPMeeting5Sep3907KT.pdf). Stressing the meaning of prevention justifies a closer look at what was done for prevention in Austria during the study period. During the last years of the observed period, the Austrian Programme for Accident Prevention was initiated by the federal ministry of health. This programme aimed at reducing accidents and deaths from accidents by 25% in total and by 50% in the paediatric population. This programme rests on three pillars: providing a safe environment, stimulating responsible behaviour through education, and improving the qualifications of professionals involved in injury prevention and health care. This initiative also included a systematic collection of accident and injury data in a publicly accessible database (http://www.kfv.at/unfallstatistik). By 2010, it had resulted in a 22.6% reduction in traffic accident deaths and a 33% reduction in accident-related deaths at the work place. One particularly interesting and effective public health implementation was the passing of a law requiring the obligatory use of bicycle helmets in Austria. Furian et al. assessed the results of this law and were able to show that in 2006 60% of children and adolescents up to 14 years of age wore helmets whilst on a bike in Austria, compared to 49% in Switzerland [27] . Probst-Hensch et al. recently reported on the UN high-level meeting about non-communicable disease and its implications for Switzerland in Swiss Medical Weekly. They recommend strengthening currently existing efforts through directed legislation concerning prevention and diagnosis registration and the creation of dedicated R&D platforms [28] . A good example for such research is the study by Natterer et al. in Swiss Medical Weekly in 2009 identifying the population at risk and circumstances of paediatric burns [29] . We also included indicators of socioeconomic status (SES), which has been show to be associated with health outcomes. It should be considered that the studied population has a rather high level of social cohesion, and patients receive health care independent from their financial capabilities, or at least in theory. Nevertheless, we found evidence for strong confounding influence of SES on the associations between health care spending and health outcomes. Youth education attainment was associated with reduction of mortality and cardiovascular YLL, which is bio-sociologically plausible, indicating that the higher educated have lower mortality, probably via better lifestyle decisions. The percentage of people at risk of poverty after social transfers was, interestingly, also positively associated with YLL (i.e. higher risk led to lower YLL). The most likely reason for such a counterintuitive finding is residual confounding through another, not documented factor. Also, the percentage of people at risk of poverty is, as the name implies, at risk but not impoverished yet, which might be a stimulus for seeking more medical attention and thus receiving more treatment than people without such risk. Finally, income inequality led to increases in YLL, especially for malignant diseases, which are marked by expensive, both in direct and indirect costs, medication and treatments.
Conclusion
Our study results suggest that the increases in health care expenditure in this population have been associated with improved health outcomes. Prevention was the most influential parameter, a fact that should be considered in health care planning. We want to take a moment to emphasise that this does not mean that increased spending obviates the need for efficacious and equitable resource allocation. Also, our findings must not be interpreted as an invitation to meet rising health care demands merely with money instead of astute policies and thoroughly tested technologies and processes. Quite the opposite is true, and our findings should be interpreted as indictors that increased health care expenditure can be just and justified, but output can only be optimised in combination with data from comparative effectiveness research.
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